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The availability of the host-parasite system comprised 
of Schistosoma mansoni and Biomphalaria alabrata has 
provided an opportunity to address basic questions about the 
role shared antigens may play in allowing the schistosome 
larvae to establish itself within a susceptible host. If shared antigens are a means by which the parasite evades the 
immune response of the snail, then these shared antigens 
must be expressed on the surface of the parasite larvae 
where they can be presented to the immune cells (hemocytes) 
of the snail. Immunoflouresence assays directed against 
fixed snail hemocytes apparently documented the presence of 
shared antigens between this parasite and the snail's 
hemocytes using antisera raised against primary sporocysts. 
In comparison, the present study specifically identified 
cross-reactive antigens by "western" blotting, using 
antisera raised to hemocytes of two snail strains, one of 
which is resistant to schistosome infection while the other 
is susceptible. This study characterized sporocyst antigens 
cross-reactive with immunogens from both the resistant (10- 
R2) and susceptible (M-line) hemocytes of B. alabrata which 
corresponded in molecular weight (MW) to S. mansoni NIH-Sm- 
PR-1 strain (PR-1) sporocyst surface proteins identified by 
’"I radiolabeling and autoradiography. Sporocyst antigens 
at 70, 40, 39, and 27 kilodaltons (kOa) probed with the 10- 
R2 antihemocyte sera corresponded in MW to sporocyst surface 
proteins. The 70 kDa antigen, corresponding in MW to a 
sporocyst surface protein, was also visualized by using the 
M-line ant ihemocyte sera. The wider distribution and 
greater frequency of cross-reactive antigens between 
resistant hemocytes and PR-1 sporocysts suggests that cross- 
reactive antigens may actually be involved in hemocyte- 
mediated resistance to the parasite. Major sporocyst 
components were identified using the c[uantitative stains, 
Amido black and Coomassie brilliant blue. All of these 
major components, with two exceptions, were readily labeled 
by an antiserum raised against whole sporocysts. The 
thirteen surface proteins identified for the PR-1 strain of 
S. manoni used in this study were compared to previously 
identified NMRI strain S. mansoni surface proteins. The two 
schistosome strains exhibit similarities in the MW of seven 
of their surface proteins suggesting that these proteins are 
conserved between the larvae of these two schistosome strains.
Ill
ACKNOWLEDGMENTS 
I would like to thank my thesis director. Dr. Willard 
Granath, for his many contributions toward the completion of 
this project. Thanks are also due to my committee members: 
Dr. George Card, Dr. Ralph Judd, and Dr. Kerry Foresman for 
their investment of time and their suggestions. The 
contributions of Frances Spray and Ann Agner, who were 
associated with this project in significant ways, are 
appreciated. Deborah Dorland also deserves thanks for the 
constructive suggestions she made in the preparation of this 
thesis.
IV
TABLE OF CONTENTS Page
ABSTRACT.................................................. ii
ACKNOWLEDGMENT...........................................  i ü
TABLE OF CONTENTS........................................ iv
LIST OF TABLES...........................................  v
LIST OF FIGURES..........................................  vi
Chapter
I. INTRODUCTION...................................  1
II. MATERIALS AND METHODS.........................  16
Schistosoma mansoni sporocyst collection... 16
Generation of polyvalent rabbit
anti-sporocyst serum........................  16
Maintenance of Biomphalaria alabrata and
the collection of snail hemocytes..........  17
Generation of anti-heraocyte rabbit serum... 18
Electrophoresis and staining of
S. mansoni larvae............................ 19
Radioiodination and autoradiography 
of sporocysts................................  20
Immunoblotting of sporocysts................ 21
III. RESULTS.........................................  2 3
IV. DISCUSSION...................................... 31
LITERATURE CITED.........................................  42
LIST OF TABLES
Table Page
I. Molecular weight of major sporocyst components 
visualized by staining with Coomassie 
brilliant blue. Silver, and Amido black.........  25
II. Molecular weight of major sporocyst components
identified by autoradiography, and antisporocyst 
and 10-R2 ant ihemocy te sera....................... 27
V I
LIST OF FIGURES
Figure Page
1. Autoradiogram and electropherograms of 
S. mansoni whole sporocysts stained 
with CBB and silver nitrate................. 24
2* Immunoblots of S. mansoni whole
sporocysts stained with Amido black 
and probed with antisporocyst
and ant ihemocy te sera.......................  28
3. Immunoblots of S . mansoni whole
sporocysts probed with 10-R2 antihemocyte 
sera and M-line antihemocyte sera..........  30
INTRODUCTION
Schistosoma mansoni is a digenetic trematode which 
engages in a two-host life cycle. It infects members of two 
widely separated taxonomic groups, the mammals and the 
gastropods. The parasite must, therefore, be capable of 
adapting itself to very different host environments. A body 
of evidence has accumulated indicating that antigen mimicry 
may be a means of regulating immunocompatibi1ity between the 
adult stage of the parasite and its* host in certain systems 
of infection. In the system comprised of adult S. mansoni 
and one of its * vertebrate hosts. Mus musculus, workers have 
documented the existance of hostlike antigens constitutively 
expressed by the parasite. The ability of the adult stage 
to bind host antigens has also been demonstrated. Immune 
evasion by shared or adsorbed antigens has been posited as a 
means by which the adult stage of the blood fluke may escape 
destruction in a vertebrate host (Damian, 1984).
Similarly, the phenomenon of antigen mimicry has also 
been investigated as a possible way the larval stage of S. 
mansoni might avoid the immune response of its * intermediate 
host, Biomphalaria alabrata (Bayne and Stephens, 1983; 
Yoshino and Bayne, 1983). Although the immune systems of 
invertebrates are not as well characterized as those of 
vertebrates, a picture of molluscan immune function for this 
host-parasite system has begun to emerge.
The system composed of the gastropod, B. alabrata. and
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the trematode, S. mansoni. provides a model for the 
extension of what is presently known about invertebrate 
immunity. It offers several inbred strains of B. alabrata 
which are of varying susceptibilities to infection by 
different strains of S. mansoni. The varying levels of 
snail susceptibility suggest that the products of several 
genes, some possessing multiple alleles, are needed to 
produce all the combinations of susceptibility and 
resistance which have been observed.
Distinctions made between susceptibility, unsuitability 
and/or active resistance on the part of the host are 
important when assessing the varying responses the different 
strains of B. alabrata exhibit towards the parasite. In 
this host parasite system, a susceptible host is defined as 
one which permits optimal sporocyst growth and development. 
The susceptible host may be unable to mount an immune 
response to the parasite because the host lacks an immune 
system capable of recognizing the parasite. Alternatively, 
the parasite may actively suppress the host's immune system. 
Unsuitable or resistant snail strains will not allow normal 
sporocyst growth and development. In an unsuitable host the 
larvae may survive for a short time then die, or the 
development of the sporocyst is greatly retarded with 
limited numbers of cercariae produced. This type of host 
apparently fails to provide a host environment which fosters 
the development of the parasite, but it does not mount a
cell—mediated immune response to the larval schistosome 
(Sullivan and Richards, 1981). In contrast, a truly 
resistant host would provide a suitable environment for the 
maturation of the parasite were it not for a response to the 
infection which kills the sporocyst.
In this host-parasite system, the PR-albino, M-line 
strain (M-line), of the snail is 90% to 100% susceptible to 
infection by NIH-Sm-PR-1 S. mansoni (PR-1), whereas the 10- 
R2 strain, of B. alabrata is virtually 100% resistant to 
this strain of the parasite according to the criteria 
established by Richards (1975a; 1975b). The 10-R2 strain of 
B. alabrata is truly resistant to infection. It 
encapsulates and destroys the parasite larvae via 
its•circulating blood cells (hemocytes), when challenged 
only with S. mansoni. Further, the 10-R2 strain apparently 
possesses those factor(s) required for the development of 
the S. mansoni sporocyst as, in the presence of an 
additional infection by irradiated larval Echinostoma 
paraensei. this normally insusceptible host becomes suitable 
for the growth and development of S. mansoni (Lie, et al., 
1979).
The M-line strain is a suitable host which lacks the 
ability to mount an effective immune response to the 
parasite, presumably because it fails to recognize the 
parasite as foreign. It appears to respond to the parasitic 
invasion only by nonspecifically elevating the number of
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circulating hemocytes (Yoshino and Granath, 1983)• The lack 
of a specific response by the benign hemocytes of the M-line 
strain allowed the inference that this susceptible strain 
was unable to immunologically identify the parasite as 
foreign. However, the lack of encapsulation around primary 
sporocysts in susceptible B. alabrata is, of itself, 
insufficent evidence to conclude that the host failed to 
recognize the parasite (Richards and Shade, 1987). It is 
possible that the schistosome may be supressing the 
susceptible host's immune response. This is unlikely, as 
the M-line strain can be made resistant to the larvae, in an 
all or nothing response, by passive transfer of cell-free 
hemolymph (serum) from the 10-R2 strain up to 24 hours 
before or after the snail is infected (Granath and Yoshino, 
1984).
Thus, in this host-parasite system, an individual 
larval schistosome within a snail will either be destroyed 
or produce a successful infection. Susceptibility to the 
schistosome is determined on a continuum in which successful 
infection of a snail with a given larval trematode is 
dependent upon the level of innate resistance factor(s) 
present within the host relative to the quantity and strain 
of infecting parasite. Yoshino and Lodes (1988) suggested 
that snail hemocytes of the resistant strain occur in a 
state of natural activation supported by serum resistance 
factor(s). This state of activation may allow the hemocytes
to respond to the infection. They speculated that even the 
susceptible host may possess some degree of innate hemocyte- 
mediated resistance as some members of the M-line strain 
within a given population (up to 10%) demonstrate a marginal 
level of resistance to the PR-1 strain of the parasite.
This marginal level of resistance may be increased by 
exposing the susceptible snail to resistant hemolymph which 
may make the M-line strain capable of an effective response 
to S. mansoni larvae.
Apart from the work of Granath and Yoshino (1984), 
other attempts to induce resistance to the parasite in 
different strains of the B. alabrata have met only with 
mixed success. Resistance has apparently been induced in 
some snail strains by exposure to irradiated or 
nonirradiated miracidia. Induction of resistance is most 
easily achieved in strains of the snail which are 
susceptible to the parasite as juveniles and resistant as 
adults. Apparently, immunization with homologous or 
heterologous miracida enhances the natural level of 
resistance in those individual snails mature enough to 
respond to the infection and encapsulate the larvae (Lie et 
al., 1983).
A further review of the literature indicates that the 
interaction of B. alabrata and S. mansoni on the cellular 
and molecular level consists of three principle components. 
These are: (1) The surface of the S. mansoni primary
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(mother) sporocyst, (2) the circulating hemocytes and, (3) 
soluble hemolymph factors. The hemocytes of the mollusc are 
the main effector cells for the destruction of the primary 
sporocysts in the resistant strain (Bayne et al., 1980a; 
Bayne et al., 1980b; Stibbs et al., 1979). It appears that 
hemocytes of both strains possess epitopes which are cross­
reactive with antigens of the primary sporocysts. It has 
been suggested that these shared antigens are responsible 
for immunocompatibility between sporocyst and snail (Bayne 
and Stephens, 1983). This suggestion is open to debate as 
hemocytes from both susceptible and resistant strains were 
shown to be alike in the possession of these antigens as 
demonstrated by a purely qualitative assay of antibody 
binding. However, other quantitative and qualitative 
differences have been found between the hemocytes of these 
two strains of B. alabrata. For example, studies have 
revealed strain specific differences in hemocyte number, 
enzymatic activity, and functional subpopulations 
identifiable by monoclonal antibodies (Granath and Yoshino, 
1983a; Yoshino and Granath, 1985). Slight morphological 
differences were formerly used to classify the different 
cell types present in pulmonates. Recently, Yoshino and 
Granath (1983) correlated B. alabrata cell function with the 
presence of histological membrane markers in a manner 
similar to the classification of vertebrate T-cells.
Yoshino and Granath (1983) distinguished two cell types in
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B. alabrata based upon the presence or absence of the BgH, 
epitope identified by a monoclonal antibody. The BgH/ cell 
type was functionally different, possessing greater 
lysosomal acid phosphatase activity than the cells which 
were postive for the BgH, epitope. The two cell types were 
also morphologically distinct with the BgH/ cell exhibiting 
reduced levels of phagocytosis and pseudopodia formation 
relative to the BgH,' cell type.
Several independent lines of evidence indicate that 
susceptibility to the parasite may be determined by the 
relative level of hemocyte activation within the two strains 
in addition to recognition of the larval schistosome. For 
example, hemocytes from both strains of snail will 
encapsulate the sporocyst jji vitro but only hemocytes of the 
resistant strain damage the parasite's tegument (LoVerde, 
1984; Bayne et al., 1984). Further, resistant hemocytes 
exhibit elevated levels and a more extensive distribution of 
intracellular lysosomal enzymes implicated in parasite 
elimination (Granath and Yoshino, 1983a; Granath and 
Yoshino, 1983b). Thus, the resistant hemocyte may exist in 
a naturally responsive state that leaves it capable of 
successfully warding off infection by this strain of larval 
schistosome.
Serum resistance factor(s) may be associated with, 
and/or produced by the hemocyte. LoVerde et al. (1984) 
demonstrated that hemocytes from resistant snails
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encapsulate the parasite when incubated with the sporocysts 
in the absence of hemolymph. Yoshino and Lodes (1988) found 
that hemocytes increased the relative synthesis of several 
secretory/excretory polypeptides exposed to sporocyst 
culture supernatants. Apparently the sporocysts liberated 
product(s) into their media which altered the 
secretion/excretion of hemocyte peptides labeled by ”S 
methionine. The resistant hemocytes appeared to alter their 
protein synthesis markedly in comparison to susceptible 
hemocytes. If synthesized in vivo, as a response to S. 
mansoni. these proteins would be secreted into the 
hemolymph. It was speculated that these proteins may 
include the resistance factor(s).
There is evidence that soluble hemolymph factors may 
associate with, or dissociate from, hemocytes. If the 
hemolymph resistance factor(s) mediate hemocyte adherence to 
the sporocyst then the apparent identification of serum 
factors on the surface of the hemocyte by Yoshino and 
Granath (1983) could be significant. Two monclonal 
antibodies (mABs) reacted to epitopes present on all classes 
of glass-adherent hemocytes. Further, these two mABs were 
also reactive with antigens present in a hemoglobin (Hb)- 
depleted fraction of the snail hemolymph.
However, adherence of the hemocytes to the sporocyst 
does not appear to be the main trigger for action upon the 
parasite, as hemocytes from both strains adhere to the
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sporocyst in vitro (Bayne et al., 1984; LoVerde et al.,
1984). This implies a role for specific receptors upon the 
surface of the hemocyte and/or other factors which operate 
in conjunction with the hemocyte to facilitate sporocyst 
recognition and/or hemocyte activation. One of the possible 
locations for an extra-hemocytic factor which aids in the 
immune response of the gastropod is the snail hemolymph. In 
non-permissive molluscan hosts the immune killing of the 
parasite by the phagocytic cells has been described as being 
analogous to the antibody dependent, cellular cytotoxicity 
of the sort which is observed in vertebrates (Bayne et al., 
1985; Bayne, 1980c). This would imply a role for a humoral 
component in the serum of the mollusc which would identify 
the sporocyst as a target for the hemocytes. Ancillary 
evidence which supports the contention that the M-line 
hemocytes lack needed serum factor(s) for
recognition/activation in response to S. mansoni is provided 
by Boswell and Bayne (1985). This in vitro study revealed 
that primary sporocysts treated with the tetravalent lectin, 
concanavalin A, were encapsulated and killed by hemocytes 
from the susceptible snail. It was proposed that the lectin 
served as a molecular bridge between hemocyte and sporocyst 
and that the resistance factor(s) in 10-R2 serum served a 
similar purpose. This model would be analogous to the 
antibody-dependent opsonization observed in vertebrate 
immune systems. The susceptible strain may, therefore, lack
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the factor(s) present in the serum of the resistant snail 
which allows the hemocyte to recognize the parasite, as the 
benign hemocytes are capable of an effective cytoxic 
response to the larvae under certain conditions.
There has also been speculation that resistant sera may 
contain enzymatic factor(s) which modify the surface of the 
schistosome in such a way that the hemocyte was allowed to 
recognize or respond to the sporocyst (Yoshino and Lodes, 
1988)• However, unless the parasite is capable of rapid 
membrane repair, this possibility may be ruled out as 
Granath and Yoshino (1984) found that preincubation of the 
sporocysts in resistant hemolymph did not allow hemocytes of 
the susceptible strain to destroy the parasite.
As the hemolymph of B. alarata. via interaction with 
the hemocyte, apparently plays a prominent role in 
determining resistance or susceptibility it has been 
subjected to intense analysis. B. alabrata hemolymph 
contains a variety of proteins, most notably, acellular Hb 
which, as the major serum protein, comprises an estimated 
70% to 95% of the total serum protein (Figuerdo et al.
1973; Almeida and Neves, 1974). Further, Granath et al. 
(1987) discovered that the subunits and/or breakdown 
products of Hb also contribute substantially to the protein 
content of the serum. Polyclonal and monoclonal antibodies 
raised to Hb and snail serum, respectively, produced 
identical immunoblots reacting with the 160 Kd band (Hb) and
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other subtending bands. With regard to the remaining minor 
serum proteins, Bayne (1980c) reported the development of an 
antiserum which may detect as many as 22 different antigens 
present in snail hemolymph. This observation is 
substantially confirmed by Granath et al. (1987), who 
reported that approximatly 20 non-Hb proteins can be 
visualized by sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE) and subsequent silver staining.
The hemolymph may also play a role in producing 
immunocompatibility between host and parasite. Both 
susceptible and refractory strains of the snail appear to 
possess serum antigens which are cross-reactive with surface 
antigens of the primary sporocyst (Yoshino and Bayne, 1983). 
However, the notion that hemolymph-like antigens are 
responsible for host-parasite immunocompatability did not 
withstand an in vitro test. Bayne et al. (1984) found that 
hemocytes from M-line and 10-R2 strains still adhere to 
sporocysts whose surface molecules had been blocked by 
antiserum raised against M-line hemolymph. This antiserum 
had previously been shown to be reactive with the sporocyst. 
This data permitted Bayne et al. (1984) to speculate that 
the factor(s) which mediate immunity in the snail might 
actually be involved in hemocyte activation. Recall that 
both susceptible and resistant hemocytes adhere to 
sporocysts in vitro but only hemocytes derived from the 
resistant strain kill the sporocysts.
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Schistosomes, however, may not need to express host­
like antigens to produce immunocompatability• The parasite 
may also be capable of "coating" itself with host antigens 
upon penetration. For example, Stein and Basch (1979) 
isolated and purified a 55 kDa hemagglutinin from snail 
hemolymph, which associated with sporocysts in vivo.
Further, sporocysts have been shown to selectively adsorb 
and retain several hemolymph components although they 
appeared to be able to turn over a variety of hemolymph 
components very quickly (Bayne et al., 1986). These 
observations might have been expected, as it would seem 
logical that sporocysts should be capable of absorption or 
active transport of host components since the tegument of 
the sporocyst is the major site of nutritive interface 
between parasite and host.
The hemolymph of 10-R2 snails carries an agglutinin for 
fixed sporocysts that is not present in the serum of 
susceptible snails. However, the 10-R2 serum will not 
agglutinate viable sporocysts. This example may illustrate 
the ability of the parasite to shed or degrade host 
components. If membrane turnover/degradation inhibits 
sporocyst agglutination, it may point to a means by which 
the parasite evades the snail's immune response.
The 10-R2 serum conveys resistance to the infection in 
normally susceptible snails. However, as mentioned above, 
no in vivo schistosome killing was observed in a study by
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Yoshino and Granath (1983) when in vitro transformed 
sporocysts were preincubated in resistant serum before 
introduction into the susceptible host. Instead, the larvae 
developed normally. Perhaps the parasite was capable of 
sufficent membrane turnover to shed or degrade any serum 
factor which may have identified it for the hemocyte 
response, or it may have been able to adsorb host serum 
antigens and thus mask its * presence in the host.
From the above, it appears that the interaction of 
hemocytes, hemolymph factor(s) and the larval schistosomes 
is more complex than the binding of factor(s) to the 
parasite's surface marking it for destruction. It is 
apparent that the mechanisims for initiating cytotoxic 
hemocyte activity in B. alabrata are fundamentally distinct 
from those of vertebrates, since protostomous invertebrates 
do not produce serum factors such as complement and 
antibodies, and also lack the T-cell type antigen receptors 
which promote resistance in vetebrates (Cheng, 1970). The 
serum factors associated with natural immunity in the snail 
have been difficult to isolate. Carbohydrate-bearing 
epitopes on the surface of the parasite and/or hemocyte may 
serve as surface receptors which facilitate the interaction 
of the host and parasite (Yoshino, et al. 1977). The 
correspondence between the serologically cross—reactive 
antigens on the surface of both hemocytes and sporocysts 
point to these components as candidates for molecules
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involved in hemocyte discrimination of self and nonself. 
Identifying these glycoslyated components may be important 
for understanding the mecahnisms of interaction between B. 
alabrata and S. mansoni. It has been demonstrated that the 
hemocytes of B. alabrata express a heterologous population 
of surface receptors which provide various lectin binding 
sites (Yoshino, 1983).
It is likely that a series of reactions between 
hemolymph, hemocyte and the larval tegument must be 
initiated and sustained to identify the sporocyst for cell- 
mediated destruction. It can be inferred from the 
observations given above that there is a need for the 
concerted and perhaps prolonged action by the hemocyte and 
hemolymph factor(s) on the sporocyst to produce the cellular 
response characteristic of resistance.
Consequently, there is a need for detailed 
characterization of the molecules which contribute to 
susceptibility and resistance in this host-parasite system. 
The serum and hemocytes of B. alabrata. as this review 
indicates, have been the subject of intense study. However, 
there is a need for additional study of the parasite itself. 
Once the surface components of the sporocyst are identified, 
functional studies to evalute their individual significance 
can be attempted.
The objective of this project was to apply molecular 
technologies to the study of those elements of the sporocyst
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which may be important in it's interactions with B. alabrata 
hemocytes. This study characterized the primary sporocyst 
by SDS-PAGE and subsequent protein staining. To do that, 
the surface of the primary sporocyst was labeled by 
radioiodination, separated by SDS-PAGE, and visualized by 
autoradiography. Sporocyst components which are cross- 
reactive with hemocyte components were identified and 
compared to the surface proteins of the sporocyst. The 
immunogenicity of the sporocyst components themselves were 
characterized in an enzyme-1inked immunoabsorbent assay 
using polyvalent antisera raised against sporocysts. The 
surface proteins of the sporocyst were then compared to the 
immunogenic components of the sporocyst.
MATERIALS AND METHODS 
Schistosoma mansoni sporocvst collection
Miracidia of the NIH-Sm-PR-1 strain of S. mansoni were 
collected and transformed to sporocysts in vitro in a medium 
devoid of snail components. The transforming medium used 
was RPMI 1640 tissue culture medium (Gibco, Grand Island,
New York) buffered with 10 mM Hepes. The parasites were 
washed five times with Chemin *s Balanced Salt Solution 
(CESS; Chemin, 1963; Granath, et al. 1984) and the cilliary 
plates were removed with a finely pulled pipette. The 
sporocysts were then transferred to a 1.5 ml silicon-coated 
microfuge tube and allowed to settle by gravity. The CESS 
was then drawn off with a pulled pipette and the parasites 
were then frozen, used as immunogens, solubilized for SDS- 
PAGE, or subjected to surface radioiodination.
Generation of polvvalent rabbit anti-sporocvst serum
Freshly transformed sporocysts and frozen sporocysts, 
collected as described above, were used to generate 
polyvalent rabbit antiserum. Approximately 4 000 sporocysts 
were emulsified with complete Fruend's adjuvant (CFA) and 
injected axially and inguinally into a New Zealand White 
rabbit. One week later the rabbit was boosted via 
subcutaneous and intramuscular injection with approximately 
4000 sporocysts emulsified in incomplete Freund's adjuvant 
(IFA). Sporocysts (3000 to 4000) were then injected into
16
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the footpads the following week. Prior to the collection of 
antiserum the rabbit was boosted five times by intravenous 
(IV) injection of 1000 to 3000 live sporocysts in phosphate 
buffered saline (PBS)(Bayne and Stephens, 1983). Rabbit 
sera was then collected and stored by standard techniques.
Maintenance of Biomphalaria alabrata and the collection of 
hemocvtes
The M-line and 10-R2 strains of B. alabrata used in 
these studies were maintained in a manner described by 
Granath et al. (1987). Whole hemolymph was collected from 
the appropriate snail strain using methods similar to those 
described elsewhere by Sminia and Barendsen (1980). It is 
estimated that glass-adherent hemocytes comprise 90 - 95% of 
the total hemocyte population (Yoshino and Lodes, 1988).
The 10-R2 strain has nearly twice the concentration of 
glass—adherent hemocytes//xl of hemolymph relative to the M- 
line strain (Granath and Yoshino, 1983b). To obtain an 
equivalent number of hemocytes it was necessary to harvest 
double the volume of M-line hemolymph relative to 10-R2 
hemolymph. Sixty microliters of whole hemolymph was 
collected from each of ten 10-R2 snails to obtain 1.27 x 10® 
glass-adherent hemocytes. Twenty M-line snails were used to 
obtain the 1200 fMl of hemolymph that would yield an 
estimated 1.35 x 10® glass-adherent hemocytes (Granath and 
Yoshino, 1983b). Snails of a consistent 12 to 15 mm
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diameter were bled by headfoot puncture and the hemolymph 
deposited into a silicon-coated 1.5 ml microfuge tube. The 
tube containing the hemolymph was placed on ice during 
collection. After collection, the hemolymph was centrifuged 
at 250g for 2 min and the serum withdrawn with a pulled 
pipette. Hemocytes were then gently resuspended in isotonic 
phosphate-buffered saline (snail PBS) [0.1194% dibasic 
sodium phosphate (wt/vol); 0.0288% monobasic sodium 
phosphate (wt/vol); and 0.236% sodium chloride (wt/vol)] and 
placed on ice for ten minutes. The hemocytes were next 
centrifuged at 250g for 1 min which produced a flocculent 
pellet. The supernatant was drawn off with a finely pulled 
pipette and the hemocytes gently resuspended in 0.5 ml of 
snail PBS. This procedure was repeated four times to remove 
the soluble hemolymph components which may be hemocyte- 
associated. The hemocytes, once isolated, were used for 
rabbit immunization.
Generation of anti-hemocvte rabbit sera
Freshly collected hemocytes, obtained as described 
above, were used to generate polyvalent antiserum in 
rabbits. One rabbit was immunized with hemocytes isolated 
from the 10-R2 strain of B. alabrata. while the other rabbit 
was immunized with hemocytes obtained from the M-line 
strain. Hemocytes were emulsified in CFA and injected 
axially and inguinally into each rabbit. One week later
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these rabbits were boosted via subcutaneous and 
intramuscular injection of hemocytes emulsified in IFA.
Prior to the collection of antiserum the rabbit was boosted 
six times over a six week period by IV injection of freshly 
collected, whole hemocytes. Blood was collected from the 
rabbits, and the serum processed and stored by established 
techniques. To provide controls, the reactivity and 
specificity of the rabbit antihemocyte sera was tested by 
immunoblotting of the appropriate hemocytes using methods 
described below.
Electrophoresis and staining of S. mansoni larvae 
Primary sporocyst proteins were separated for 
characterization by SDS-PAGE using the Tris-glycine system 
of Laemmli (1970) as modified by Judd (1982). Unless 
specially noted, the chemicals used for these procedures 
were obtained from Sigma Chemical Co. (St. Louis, MO) and 
all gels were run with molecular weight (MW) markers 
obtained from BioRad (Richmond, CA). Sporocysts, obtained 
as decribed above, were solubilized in a solution consisting 
of 10% (vol/vol) glycerol, 10% (wt/vol) Tris (pH 6.8), 4% 2- 
mercaptoethanol, 2% (wt/vol) SDS (British Drug House), and 
bromophenol blue (tracking dye). The sporocyst proteins in 
the sample were further denatured by boiling for 15 minutes. 
Samples were applied to slab gels and subjected to 
electrophoresis for 2 to 3 hr at 10 W until the tracking dye
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was about to emerge* The slab gel consisted of 12.5% or 15% 
acrylamide (acrylamide: N, N*-methylene-bis-acrylamide
ratio, 30:0*8) and a stacking gel of 2.5% acrylamide* The 
gels were fixed for 16 to 24 hr and subsequently stained 
with Coomassie Brilliant Blue (CBB) (quantitative stain) or 
by the more sensitive, qualitative silver-staining procedure 
of Tsai and Frasch (1982)* Following electrophoresis one 
lane was silver-stained and another was stained with CBB. 
This provided a quantitative and qualitative comparison of 
the components of the primary sporocyst*
Radioiodination and autoradioaraohv of sporocvsts
Surface radioiodination and subsequent autoradiography 
identified the proteins associated with the outer tegument 
of the sporocyst. The procedure used for surface iodination 
was essentially that of Judd (1982)* Freshly transformed 
sporocysts (approximatly 4000 per labelling trial) were 
washed twice with Tris-buffered saline (TBS; 20 mM Tris,
38mM NaCl, pH 7.4)* The sporocysts were then suspended in 
300 jLtl TBS and transferred to a siliconized 1.5 ml microfuge 
tube* Seventy micrograms of 1,3,4,6, tetrachloro-3a-6a- 
diphenylglycoluril (lodogen; Pierce Chemical Co*, Rockford, 
XL) dissolved in 700 fil of chloroform, had previously been 
dried into the bottom of this microfuge tube. Eight 
microliters of ̂ *̂1 (as Nal; 50 juCi/^l) and 4 /il of 10’® M KI 
were added to the sporocyst suspension. The suspension was
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then placed on ice for 30 min and subjected to periodic, 
gentle agitation. After this incubation period and during 
all subsequent washings the sporocysts were allowed to 
settle by gravity. The supernatant was removed with a 
pulled Pastuer pipette. The sporocysts were then 
transferred to a 1.5 ml silicon-coated microfuge tube and 
resuspended in 500 /xl of TBS. After two additional washes 
in TBS, the larvae were resuspended in 500 fil of TBS-KI (50 
/ig Kl/ml) and incubated at 20 C for 20 minutes. Following 
two additional washes with ice cold TBS, the supernatant was 
removed and the sporocysts solubilized by procedures 
described above. Next, 150,000 to 2 50,000 cpm/lane of the 
solubilized sporocysts were loaded onto the gel and 
separated by SDS-PAGE. The gel was then fixed in 25% 
isopropyl alcohol and 7% acetic acid for at least two hours. 
The slab gel was then placed in a plastic bag and used to 
expose Kodak XAR film with an intensifying screen (lightning 
plus, Dupont, Wilmington, DE) for 72 hours at -70 C. 
Following autoradiography, the gels were silver-stained and 
photographed.
Immunob1ottina of soorocvsts
The procedure used for immunoblotting was essentially 
that of Spray and Granath (1988). After being subjected to 
SDS-PAGE, the sporocyst proteins were transferred to NCP.
The NCP was treated with a blocking agent composed of 2.5%
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powdered milk (wt/vol) or 0.01% Tween-20 (vol/vol) in PBS 
for one hr at room temperature (RT). Immune sera raised 
against either M-line hemocytes (a-M-line) or 10-R2 
hemocytes (ot-10-R2) , or sporocysts (cr-sporo) were diluted in 
the blocking agent and incubated with the NCP for two hr at 
RT. After washing with the blocking agent, 0.03% (vol/vol) 
Protein A peroxidase was added and incubated with the 
samples for one hr at RT. The NCP was then washed for one 
hr at RT and antibody binding was detected by the addition 
of a developer (60 mg 4-chloro-napthol, 20 ml methanol, 100 
ml 20mM Tris-500; pH 7.2, 100 /il Ĥ Ô ) . The samples stained 
with amido black confirmed the transfer of proteins and 
allowed for the characterization of the reactive antigens in 
the context of the major sporocyst proteins. Developed NCP 
strips were subsequently dried and photographed. Normal 
rabbit serum (NRS) was used as a control in all immunoblots.
RESULTS
Electropherograms of whole sporocysts stained with CBB 
revealed more than 30 bands (Figure 1). The sporocyst*s 
lower MW components could best be visualized with CBB when 
the lane had been overloaded. Despite overloading, both CBB 
and silver staining revealed similar electrophoretic 
profiles. Silver-staining of whole sporocysts was more 
sensitive, with these lanes requiring less sample to 
visualize the polypeptides of the sporocyst. Silver-stained 
electropherograms revealed over 50 bands (Figure 1). The 
polypeptides observed occupied a MW range from >215 to 8 
kOa. Four sporocyst components stained by CBB did not 
appear to be stained by the silver-staining technique.
These components had MW's of 216, 105, 70, and 2 9 kDa. 
Molecular weight estimates for the components stained by 
silver, CBB and amido black are given in Table I.
Autoradiography of surface labeled sporocysts 
revealed a simpler pattern, with up to thirteen proteins, 
ranging in MW from >215 Kd to 9 kDa. Estimates of MW for 
the major proteins were approximately 200, 110, 70, 40, 32, 
21, 14, and 9 kDa. Faint banding was also observed at 
approximately 215, 56, 44, and 39 kDa. The lane which 
represents the surface polypeptides of the sporocyst in 
Figure 1 was chosen for it's clarity and consistency in 
displaying those sporocyst surface proteins labeled by 
(Figure 1).
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Figure 1. SDS-PAGE (15%) of S. mansoni sporocysts. Lane a: 
MW markers; Lane b: approximately 700 sporocysts that were 
subjected to SDS-PAGE and stained with CBB; Lane c: MW 
markers; Lane d: approximately 300 unlabeled sporocysts that 
were subjected to SDS-PAGE and stained with silver; Lane e: 
approximately 300 radiodinated whole sporocysts that were 
subjected to SDS-PAGE and stained with silver; Lane f: 
Autoradiogram of lane e.
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T ^ l e  I. Molecular weight of major sporocyst components 
visualized by staining with CBB, Silver and Amido black.
Silver CBB Amido
— 216 216204 204 —200 200 —174 —
160 — 160148 — —
136 — —
132 132 132106 106 106
— 105 —90 90 9085 85 85
— 70 7067 67 6765 — —
56 56 5654 — —
53 53 5350 50 5045 45 4543 43 4342 — —
41 — —
40 40 4039 — —
37 37 —36 36 —
34 34 3433 33 33
31 31 31
30 30 —
— 29 29
28 28 —
27 27 27
26 26 —
23 — —
22 22 22
21 — —
20 20 —
19 19 19
17 — —
16 16 16
15 — —
14 — —
11 — —
10 — —
9 — —
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Molecular weight estimates for these major surface proteins 
are also given in Table II.
Twenty—two sporocyst components ranging in MW from >200 
to 15 kDa were reactive with C-10-R2 (Table II). Sporocyst 
components in the molecular weight range from >200 to 52 kDa 
and from 24 to 15 kDa reacted with a-M-line. All of these 
components were also reactive with a-10-R2, even though 
there was some variance in the intensities with which 
several of these components were labeled (Figure 2). 
Additionally, a number of components in the MW range from 51 
to 25 kDa were reactive with a-10-R2, but unreactive with 
the Of-M-line.
Those components strongly labeled by ot-sporo, and 
visualized by the quantitative stains of CBB and amido black 
are major sporocyst polypeptides. These major polypeptides, 
though reactive with ot-sporo, were generally not reactive 
with the two hemocyte antisera. These polypeptides had MW's 
of 50, 40, and 29 kDa, as visualized by CBB and amido black 
staining, and a-sporo labeling.
The other major sporocyst proteins, visualized by the 
quantitative stain amido black, were also generally reactive 
with a-sporo. Examples of this are the 70, 56, 53, 50, 40, 
34, 33, 27, and 19 kDa antigens. The two exceptions to this 
generality were the 31 and 22 kDa sporocyst bands which, 
even though visualized by all the stains employed in this 
study, were unlabeled by a-sporo.
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Table II. Molecular weights of major sporocyst 
components visualized by autoradiography and labeling 
with antisporocyst and 10-R2 antihemocyte sera.
Autoradioaraohv 10-R2 antihemocvte Antisporocvst
>215
>200 -  200— 160 —
110
35
32
154
148
125
157
132
107 107
85 85
—  76 —
— — 75
70 70 70
56 — 56
— * 53
— 51 —
— — 50
44 — —
40 40 40
39 39
34
33
— 30 —
27 27 27
- 25 -
23 23
22
19 19
17 17
14 — “
9 — -
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Figure 2. Electroblots of S. mansoni sporocyst 
polypeptides. Lane a: MW markers ; Lane b: Amido black 
protein stain of sporocysts; Lane c: electroblot of 
sporocysts probed with 10-R2 antihemocyte serum (1:50); Lane 
d: electroblot of sporocysts probed with M-line hemocyte 
antiserum (1:45); Lane e: electroblot of sporocysts probed 
with antisporocyst serum (1:10); Lane f: electroblot of 
sporocysts probed with NRS (1:10).
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Sporocyst polypeptides with MW's 154, 148, 23, and 17 
kDa were highly immunogenic as they were labeled by all 
three antisera. The 200, 70, and 56 kDa sporocyst surface 
proteins identified by autoradiography also corresponded in 
MW to components labeled by ce-sporo. Sporocyst surface 
proteins with MW's of 70, 40, 39 and 27 kDa corresponded in 
MW to sporocyst antigens reactive with a-10-R2. The 70 kDa 
sporocyst surface protein also corresponded in MW to a 
sporocyst antigen reactive with the a-M-line (Figure 3).
The 70 kDa antigen was the only sporocyst component labeled 
by a-M-line which also corresponded in MW to a sporocyst 
surface protein. These antigens, which are of identical MW 
to sporocyst surface components, are very possibly expressed 
on the parasite's surface.
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Figure 3. Electroblots of S. mansoni sporocyst 
polypepeptides. Lane a: electroblot probed with M-line 
antihemocyte serum (1:100 in PBS-Tween); Lane b: electroblot 
probed with 10-R2 antihemocyte serum (1:50 in 2.5% powdered 
milk-PBS); Lane c : MW markers.
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DISCUSSION
The hemocytes of B. qlabrata and the surface components 
of the g. mansoni sporocyst are of central importance to the 
interactions of host and parasite in this system. in this 
study, polyvalent antiserum raised against circulating 
hemocytes from S. mansoni-susceptible (M-line) and S. 
mansoni-resistant (10-R2) stocks of B. qlabrata revealed 
that sporocyst proteins were cross-reactive with hemocyte 
antigens. Several of these cross-reactive sporocyst 
proteins corresponded in MW to polypeptides associated with 
the S. mansoni sporocyst surface.
Probing with the two antihemocyte sera also revealed 
strain specific differences in those cross-reactive proteins 
which may be associated with the sporocyst*s surface. The 
70 kDa sporocyst antigen, corresponding in MW to a protein 
present on the surface of the larval parasite, were labeled 
by both 0£-10-R2 and a-M-line. Three other sporocyst 
antigens (40, 39, and 27 kDa) were also labeled by a-10-R2 
which corresponded in MW to sporocyst surface proteins.
These results do not support the assumption that 
either a greater number of, or a unique group of, antigen(s) 
shared by the larvae and the hemocytes results in 
compatibility between the schistosome and the M-line snail 
(Bayne and Stephens, 1983; Damian, 1984). This study 
detected a greater number of antigens shared between the 
hemocytes of the resistant host and the parasite, and it
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also demonstrated that all of the parasite antigens labeled 
by the a-M-line were also labeled by the a-10-R2. Ergo, no 
unique antigen(s) were found to be shared between the 
hemocytes of the M-line snail and the parasite. This 
indicates that the presence of shared antigens cannot 
account for the compatibility between this schistosome and 
the M-line host while also accounting for the hemocyte- 
mediated response of the 10-R2 snail strain.
An alternative model, based upon the in vitro studies 
of Boswell and Bayne (1985), proposed that shared antigens 
may actually foster resistance in the 10-R2 strain of B. 
alabrata. They showed that concanavalin A binds a specific 
sequence of carbohydrate residues and apparently allows 
susceptible hemocytes to recognize the PR—1 sporocyst. 
Concanavalin A may bind the same sequence of carbohydrate 
residues on both the sporocyst and M-line hemocyte. This 
lectin may foster an extensive cytoadherence to the parasite 
permiting activation of the M-line hemocytes (Bayne et al., 
1984). If the resistance factor(s) in the 10-R2 strain's 
serum are analogous to the lectin, then shared antigens may 
actually permit the hemocyte to adhere to the schistosome 
larvae.
It is, however, premature to conclude that antigen 
sharing has no role in parasite survival based solely upon 
these results as they rely on immune sera obtained from only 
two laboratory animals. The differences in cross-reactivity
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may be the result of individual differences in rabbit anti— 
hemocyte antibody production. However, cross—reactive 
antigens are indeed present between the hemocytes of B. 
glabyata and the primary sporocysts of S. mansoni. 
Additionally, this study revealed that both susceptible and 
resistant strains of B. qlabrata probably possessed at least 
some antigens which were cross—reactive with the sporocyst *s 
surface polypeptides. Hypothetically, if the immune sera 
derived from the susceptible strain had identified shared 
sporocyst antigens also expressed on the surface of the 
parasite, while the immune sera derived from the resistant 
strain had failed to identify such antigens, this would be a 
much stronger indication that shared antigens were 
responsible for immunocompatibility. Instead, these results 
demonstrated that the parasite shared a greater number of 
antigenically similar epitopes with resistant hemocytes as 
opposed to susceptible hemocytes. The greater frec[uency of 
cross-reactive antigens between the resistant hemocyte and 
the schistosome indicates that these antigens are more 
likely involved in the immune response of the resistant 
snail.
Radiolabeled sporocyst polypeptides corresponding in MW 
to sporocyst polypeptides cross—reactive with hemocyte 
antigens were identified. However, inferring protein 
sequence homology between the sporocyst*s surface 
polypeptides and the hemocyte * s antigens based on the data
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provided by the immunoblots may lead to false conclusions 
regarding the nature of the determinants involved. Some of 
the sporocyst surface proteins identified may be 
Çf^ycîoproteins. Hemocyte surface carbohydrates may be potent 
immunostimulating epitopes when intact hemocytes are used as 
the principle antigen source. Support for the idea that 
common carbohydrate groups may be responsible for the cross- 
reactivity observed in this study is found in the work of 
Dissous et al. (1986), Antibodies prepared to a 
deglycosylated B. qlabrata extract were unreactive with 
miracida while antibodies prepared to an untreated B. 
qlabrata extract were cross-reactive, A carbohydrate 
determinant on a 90 kDa component of B. qlabrata was also 
labeled by a carbohydrate-specific monoclonal antibody 
originally produced by an S, mansoni infected mouse in 
response to a 38 kDa component of the adult stage of S. 
mansoni. This monoclonal recognized only the carbohydrate 
portion of the antigen as it failed to label either antigen 
when deglycosylated snail or schistosome extracts were used. 
This anti-carbohydrate monoclonal was also reactive with 
miracidial antigens (Dissous et al., 1986),
In view of the above work, glycoproteins or glycolipids 
may be significant entities in the surface composition of 
the sporocyst. The thirteen major bands labeled by 
radioiodination indentify these components as major 
proteinaceous surface molecules of PR-1 S. mansoni within
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'bhe molecular weight range examined. However, in comparing 
autoradiograms of labeled sporocysts to the silver—stained 
electropherograms of the same lane, labeled bands generally 
corresponded to minor components. Exceptions to this 
generalization were the components with MW's of 70 and 9 kDa 
which were also visualized by CBB and amido black staining.
The sporocyst components of greatest immunogenicity, as 
labeled by the a—sporo, did not correspond to the surface 
proteins identified by autoradiography. It is, therefore, 
likely that these major sporocyst antigens represent somatic 
proteins. The quantitative stains used in this study also 
showed proteins of the same MW*s as these antigens 
contributing substantially to the make-up of the sporocyst.
As the larval surface proteins contribute relatively 
less to the overall composition of the sporocyst, it may be 
difficult to obtain these important surface molecules in 
sufficent quantities to permit their characterization and 
functional analysis. It is difficult to detect these 
surface components using lodogen. Parasite epitopes may not 
be distributed over the sporocyst *s surface in such a way as 
to be readily accessible to iodination by this technique. 
Immunoelectron microscopy has revealed parasite epitopes 
cross—reactive with anti—hemolymph sera localized within the 
intercellular ridges and gland-like structures of the 
sporocyst (Yoshino and Bayne, 1983). The surface elements 
of the sporocyst tegument are not easily isolated by
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selective detergent extraction (e.g., Nonidet P-40 and 
Triton X—100) (Granath, unpublished observation; Boswell et 
si•f 1987). Radiolabeling appears to be one of the few 
methods presently available for the identification of the 
proteins of the sporcyst tegument. However, if the 
structures of the sporocyst tegument targeted by the 
resistance factor(s) within the snail are minor proteins or 
glycoproteins, it may be difficult to detect such molecules 
via these techniques. The use of antibodies directed 
against carbohydrate groups or lectins may provide a means 
of isolating any glycoprotein(s) involved in resistance 
and/or susceptibility.
Sporocyst proteins, cross-reactive with hemocyte 
antigens and corresponding in MW to parasite surface 
proteins, have been detected. Sporocyst surface proteins 
with hemocyte-1ike antigens are common to both strains of 
the snail. Although this study identified strain-specific 
differences in antigenicity which also corresponded to 
surface molecules on the sporocyst, it may be that antigen 
sharing is no more than one small element in the complex 
phenomenon of susceptibility in certain subpopulations of 
this vector species. Perhaps shared antigens were required 
for establishing this parasitic relationship and resistance 
may be an additional element which has evolved in the 
relationship of the snail to this particular parasite 
(Yoshino and Boswell, 1986). Alternatively, the more
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extensive distribution of cross—reactive molecules on the
the schistosome larvae, relative to the antigens 
of the resistant hemocyte, may indicate the presence of 
recognition site(s) on the sporocyst serving as ligands for 
sorum resistance factor(s). Further investigation into the 
significance of these sporocyst tegument proteins is 
therefore warranted.
Additional characterization of the cross—reactive 
parasite antigens might result from the deglycosylation of 
sporocyst antigens immobilized on NCP using the 
metaperiodate treatment of Mattes and Steiner (1978). The 
effect of deglycosylating the sporocyst antigens could be 
observed in the possible abrogation of antibody binding to 
sporocyst components treated with antihemocyte sera. This 
procedure reveals those cross-reactive components labeled 
specifically because of their glycanic determinants. Other 
studies directly extending this work could include 
immunoprécipitation (IP) of whole sporocysts and 
radioimmunoprecipitation (RIP) which would verify the 
binding of antibodies in the antihemocyte sera to the 
components of the primary sporocyst which correspond in MW 
to the surface proteins identified in this study. The only 
indication that the 70, 40, 39 and 27 kDa epitopes are 
shared antigens is their correspondence in MW to the 
components of the sporocyst cross-reactive with hemocyte 
antigens. Conducting IP or RIP may also identify additional
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components and/or minor surface—associated 
9lycoconjugates undetected by the means used in this study.
The surface components of the PR—1 S. mansoni sporocyst 
identified in this study generally corresponded in MW to 
those identified for the NMRI strain of larval S. mansoni. 
Boswell et al. (1987) visualized twelve sporocyst surface 
proteins within the MW range from >200 to 12 kDa in 7.5 to 
11% linear gradient gels. The 15% gels used in this study 
permitted the visualization of an additional sporocyst 
surface protein at 9 kDa. Boswell et al. (1987) also 
detected a faint band at 40 kDa. The greater percentage of 
acrylamide in gels used in this study may have further 
resolved this band to reveal two surface proteins with MW*s 
of 40 and 39 kDa. Autoradiograms of the PR-1 strain reveal 
bands at 215, 110, 70, 56, 27, 22, and 14 kDa which are very 
similar or identical in MW to bands revealed by ’̂*1 surface 
labeling of the NMRI strain.
The PR-1 and NMRI strains each possess surface peptides 
which are of very similar or identical MW relative to each 
other. This suggests that these seven surface proteins are 
substantially conserved between these strains of S. mansoni. 
The conservation of these seven surface peptides is also 
suggested by the expression of the same number of surface 
proteins in the MW range common to both studies. Twelve 
surface proteins were visualized for each strain in the MW 
range from >215 to 12 kDa in this study and the study by
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Boswell et al. (1987). Four of these seven surface proteins 
also exhibited a similar relative intensity of radiolabeling 
when visualized by autoradiography. This study found 
proteins at 27 and 16 kDa to be intensely 
radiolabled and surface proteins at approximately 200 and 4 0 
kDa to be weakly radiolabeled. Boswell et al. (1987) 
similarly found proteins at 27 and 14 kDa which were 
strongly labeled and surface proteins at approximately 200 
and 4 0 kDa weakly labeled. This also indicates that these 
proteins may be conserved between S. mansoni strains and 
that these proteins may be present in approximatly the same 
concentration in the tegument of each sporocyst strain, 
presenting a similar number of residues for
radiolabeling. However, the study by Boswell et al. (1987) 
also stated that the band at approximately 215 kDa was 
relatively weakly labeled by while the band at 54 kDa
was intensely labeled. In contrast, the intensity of 
labeling for the aforementioned bands was reversed in the 
present study. If these are conserved proteins then this 
may reflect strain-specific differences in the relative 
quantity of each of these proteins in the tegument of the 
sporocyst. Alternatively, if these surface peptides are not 
conserved between the two strains then the differences in 
the intensity of the autoradiograms are probably the result 
of differing numbers of labeled residues within each 
protein.
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the majority of surface peptides may be 
conserved between the two strains, three other surface 
proteins, with MW's of 44, 35 and 32 kDa, ’""l-labeled in 
“this study of the PR—l larvae were not detected by 
labeling of the NMRI larvae. Boswell et al. (1987) also 
detected three surface peptides, at 170, 93 and 89 kDa, by 
autoradiography of radiolabeled NMRI sporocysts which this 
study did not detect by autoradiography of the radiolabeled 
PR-1 tegument.
In summary, the 70, 40, 39 and 27 kDa antigens labeled 
by a—10—R2 and the 70 kDa antigen labeled by ot-M-line 
corresponded in MW to polypeptides found to be present on 
the surface of the parasite. The quantitive differences in 
cross-reactivty revealed by the two antihemocyte sera did 
not seem to indicate that shared antigens are responsible 
for producing compatibiltiy between host and parasite in 
this system. However, the antihemocyte sera revealed the 
presence of substantial numbers of cross-reactive sporocyst 
components. It is, therefore, possible that some of the 
additional cross-reactive material visualized by 
immunoblotting is present on the surface of the parasite but 
was not detected by the method of radiolabeling used in this
study.
Strain specific differences were discovered between the 
PR-1 and NMRI strains of the schistosome regarding surface 
proteins labeled by radioiodination. Thirteen surface
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peptides of the PR-1 schistosome strain were labeled in this 
study. A core group of seven surface peptides may be 
conserved between the PR-1 and NMRI strains (Boswell et al., 
1987). The surface peptides differing in MW between these 
strains may have had relative additions to, or deletions 
from, their primary amino acid sequence resulting in a 
change in their MW*s. Identifying sporocyst surface 
proteins may enhance our understanding of those parasite 
molecules which serve as targets for the serum factor(s) 
unique to resistant snails in the receptor-ligand model of 
resistance.
42
LITERATURE CITED
Almeida, A. P. and Neves, A. G. A. 1974. The hemoglobin of 
Biomphalaria crlabraba; Chemical composition and some 
physiochemical properties. Biochem. Biophys. Acta, 371, 140-146.
Bayne, C. J., Buckley, P. M., and DeWan, P. C. 1980a. 
Macrophagelike hemocytes of resistant Biomohalaria alabrata 
are cytotoxic for sporocysts of Schistosoma mansoni in vitro. J. Parasit. 66, 413-419.
Bayne, C. J., Buckley, P. M., and DeWan, P. C. 1980b. 
Schistosoma mansoni: Cytotoxicity of hemocytes from
susceptible snail hosts for sporocysts in plasma from 
resistant Biomohalaria alabrata. Exp. Parasit. 50, 409-416.
Bayne, C. J. 1980c. Humoral factors in molluscan parasite 
immunity. In: Aspects of Deve 1 opmenta 1 and Comparative
Immunology. (J. B. Solomon, ed.) vol. 1, Pergamon Press,Oxford.
Bayne, C. J. and Stephens, J. A. 1983. Schistosoma mansoni 
and Biomphalaria alabrata share epitopes: antibodies to
sporocysts bind host snail hemocytes. J. of Invert.
Pathol., 42, 221-223.
Bayne, C. J. , Loker, E. S., Yui, M. A., and Stephens, J. A. 
1984. Immune-recognition of Schistosoma mansoni primary 
sporocysts may require specific receptors on Biomphalaria 
alabrata hemocytes. Parasit. Immunol., 6, 519-528.
Bayne, C. J. , Loker, E. S., and Yui, M. A. 1985. Plasma 
components which mediate cellular defences in the gastropod 
mollusc Biomphalaria alabrata. In: Developmental and 
Comparative Immunology, vol. 9, Pergamon Press, Oxford, pp. 
523-530.
Bayne, C. J., Loker, E. S., Yui, M. A. 1986. Interactions 
between the plasma proteins of Biomphalaria alabrata 
(Gastropoda) amd the sporocyst tegument of Schistosoma 
mansoni (Trematoda). Parasitology, 92, 653-654.
Boswell, C. A., and Bayne, C. J. 1985. Lectin-dependant 
cytotoxicity of hemocytes from susceptible host snails, 
Biomphalaria alabrata. Exp. Parasit., 60, 133-138.
Boswell, C. A., Yoshino, T. P. and Dunn, T. S. 1987. 
Analysis of tegumental surface proteins of Schistosoma 
mansoni primary sporocysts. J. Parasit., 73, 778-786.
Cheng, T. C. 1970. Immunity in molluscs with special
43
reference to reaction to transplants. Transplant Proc., 2, 226-230.
E. 1963. Observations on hearts explanted in yjgtro from the snail Australorbis alabratus. J. Parasit - . 49, 353-364. --------
Damian, R. T . 1984. Immunity in schistosomiasis: A 
holistic view. In Contemporary topics in immunobioloav. (*J.
J. Marchalonis, ed.) Plenum Publishing Corporation, New York. p. 359-420.
Dissous, C., Grzych, J. M. and Capron, A. 1986. Schistosoma 
ii^APsoni shares a protective oligosaccharide epitope with freshwater and marine snails. Nature, 323, 443-445.
Figuerdo, E. A., Gomez, M. V., Heneine, I. F., Santos, I. O. 
and Hargreaves, F . B. 1973. Isolation and physiochemical 
properties of the hemoglobin of Biomphalaria alabrata 
(Mollusca, Planorbidae). Comp. Biochem. Biophysiol. B., 44, 481-491.
Granath, W. O. Jr. , and Yoshino, T. P. 1983a. 
Characterization of molluscan phagocyte subpopulations based 
on lysosomal enzyme markers. J. Exp. Zool., 226, 205-210.
Granath, W. O. Jr., and Yoshino, T. P. 1983b. Lysosomal 
enzyme activities in susceptible and refractory strains of 
Biomphalaria alabrata during the course of infection with 
Schistosoma mansoni. J. Parasit., 69, 1018-1026.
Granath, W. O. Jr., and Yoshino, T. P. 1984. Schistosoma 
mansoni; passive transfer of resistance by serum in the 
vector snail, Biomphalaria alabrata. Exp. Parasit., 58, 
188-193.
Granath, W. O. Jr., Spray, F. J. and Judd, R. C. 1987. 
Analysis of Biomphalaria alabrata hemolymph by sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis, high- 
performance liquid chromatography, and immunoblotting. J. 
Invert. Pathol., 49, 198-208.
Judd, R. C. 1982. Surface peptide mapping of Protein I and 
Protein III of four strains of Neisseria gonorrhoeae.
Infect. Immun., 37, 632-641.
Laemmli, U. K. 1970. Cleavage of structural proteins during 
the assembly of the head of bacteriophage T4. Nature, 227, 
680-685.
Lie, K. J., Heyneman, D. and Richards, C. S. 1979. 
Schistosoma mansoni: Temporary reduction in natural
44
resistance in Biomphalaria glabrata induced by irradiated 
miracidia of Echinostoma paraensei. Exp. Parasit., 43, 56— 62 «
Lie, K. J., Jeong, K. H., and Heyneman, D. 1983. Acquired 
resistance in snails. Induction of resistance to 
Schistosoma mansoni in Biomphalaria alabrata. Int. J. Parasit., 13, 301-304.
LoVerde, P. T., Shoulberg, N. and Gherson, J. 1984. Role of 
cellular and humoral components in the encapsulation 
response of ̂ Biomphalaria alabrata to Schistosoma mansoni 
sporocysts in vitro. In Recognition proteins, receptors and 
probes: Invertebrates, (S. Cohen, ed.) Alan R. Liss, Inc.New York, p. 17-29.
Mattes, M. J., and Steiner, L. A. 1978. Anti serum to frog 
immunoglobulins cross—react with periodate—sensitive cell 
surface determinants. Nature (London), 273, 761-763.
Richards, C. S. 197 5a. Genetic studies of pathological 
conditions and susceptibility to infection in Biomphalaria 
alabrata. Ann. N. Y. Acad. Sci., 266, 394-410.
Richards, C. S. 1975b. Genetic factors in susceptibility of 
Biomphalaria alabrata for different strains of Schistosoma 
mansoni. Parasitology, 70, 231-241.
Richards, C. S. and Shade, P. C. 1987. The genetic variation 
of compatibility in Biomphalaria alabrata and Schistosoma 
mansoni. J. Parasit., 73, 1146-1151.
Sminia, T. and Barendsen, L. 1980. A comparative morphological and enzyme histochemical study on blood cells 
of the freshwater snails Lvmnaea stagnaiis, Biomphalaria 
alabrata and Bulinus truncatus. J. Morphol., 165, 31-39.
Spray, F. J. and Granath, W. O. Jr. 1988. Comparison of 
haemolymph proteins from Schistosoma mansoni (Trematoda)- 
susceptible and resistant Biomphalaria ql^brata 
(Gastropoda). Comp. Biochem. Physiol., 91B, 619-624.
Stein, P. C. , and Basch, P. F. 1979. Purification and 
binding properties of hemeagglutinin from Biomphalaria 
alabrata. J. Invert. Pathol., 33, 10-18.
Stibbs, H. H. , Owczarak, A., Bayne C. J. , and Dewan, P. C. 
1979. Schistosome sporocyst killing amoebae isolated from 
Biomphalaria alabrata. J. Invert. Pathol., 33, 159.
Sullivan, J. T. and Richards, C. S. 1981. Schistosoma 
mansoni NIH-SM-PR-2 strain, in susceptible and
45
nonsusceptible stocks of Biomphalaria alabrata: Comparativehistology, J. Parasit., 67, 702-708.
Tsai, C.-M. and Frasch, C. E. 1982. A sensitive silver 
stain for detecting lippopolysaccarides in polyacrylamide gels. Anal. Biochem., 119, 115-119.
Yoshino, T. P., Cheng, T. C., and Renwrantz, L. R. 1977. 
Lectin and human blood group determinants of Schistosoma 
mansoni: Alteration following in vitro transformation of
miracidium to mother sporocyst. J. Parasit., 63, 818-824.
Yoshino, T. P. 1983. Lectins and antibodies as molecular 
probes of molluscan hemocyte surface membranes. In: Dev. Comp. Immunol. 7, 641-644.
Yoshino, T. P. and Granath, W. O . Jr. 1983. Identification 
of antigenically distinct hemocyte subpopulations in 
Biomphalaria alabrata (Gastropoda) using monoclonal 
antibodies to surface membrane markers. Cell Tissue Res., 
232, 553-564.
Yoshino, T. P. and Bayne, C. J. 1983. Mimicry of host 
antigens by miracida and primary sporocysts of Schistosoma 
mansoni. Parasit. Immunol. 5, 317-328.
Yoshino, T. P. and Granath, W. O. Jr. 1985. Surface 
antigens of Biomphalaria alabrata (Gastropoda) hemocytes: 
Functional heterogeneity in cell subpopulations recognized 
by a monclonal antibody. J. Invert. Pathol., 45, 174-186.
Yoshino, T. P. and Boswell, C. A. 1986. Antigen sharing 
between larval trematodes and their snail hosts: How real a
phenomenon in immune evasion? Symp. Zool. Soc. Lond. 56, 
221-238.
Yoshino, T. P. and Lodes, M. J. 1988. Secretory protein 
biosynthesis in snail hemocytes: in vitro modulation by
larval schistosome excretory-secretory products. J.
Parasit., 74, 538-547.
